Objective: The objective of this study was to determine which aspects of executive functions are most affected in behavioral variant frontotemporal dementia (bvFTD) and best differentiate this syndrome from Alzheimer disease (AD).
San Francisco (UCSF) Memory and Aging Center. Patients who met probable research diagnostic criteria 17, 18 as determined by neurologic, cognitive, and functional evaluations via their participation in other research projects at Mayo or UCSF, and who scored .18 on the MMSE, were referred to the study. The diagnostic evaluations were conducted at a separate research visit and did not include any of the measures from the NIH EXAMINER.
Neurologically healthy controls underwent neurologic and cognitive screening to verify health status. Participants were excluded if they had a history of major psychiatric illness, current substance abuse disorder, ongoing cancer treatment, metabolic abnormalities, known HIV, major systemic medical illness, history of traumatic brain injury with .30 minutes' loss of consciousness, seizure disorder, cortical stroke, or diagnosis of developmental learning disability. The MMSE cutoff for exclusion was #18 for patients and 26 for NCs. From an original sample of 52 NCs that included many individuals with a high level of education, we included only 31 in order to match them to the patients on education.
Demographic variables were compared using analysis of variance with Tukey post hoc tests and a 5 0.05 (table) . The patients with bvFTD were younger than those with AD and the controls, and the patients with AD were older than the controls. There were no group differences in sex or education. The patients with bvFTD and AD scored lower than the NCs on the MMSE, but did not differ from each other. The patients also scored similarly to each other on the Clinical Dementia Rating Scale, which was administered to a subsample of 13 patients with AD and 19 patients with bvFTD as a measure of disease severity.
Executive function assessment. Participants were administered the NIH EXAMINER battery in a quiet room and using a standard 15.4-in. Dell Latitude D830 laptop. Three measures of controlled attention (the Antisaccade Test, the Set-Shifting Test, and the Flanker Test), 2 measures of working memory (the Spatial 1-Back and the Dot Counting Test), 2 measures of verbal fluency (Letter Fluency and Category Fluency), and 2 measures of social behavior (the Social Norms Questionnaire and the Behavioral Rating Scale) were administered and are described briefly with missing data issues in appendix e-1 on the Neurology ® Web site at www.neurology.org. Detailed descriptions of the tests and the forms for the Social Norms Questionnaire and the Behavioral Rating Scale are available at http://examiner.ucsf.edu.
Standard protocol approvals, registrations, and patient consents. Written informed consent was obtained from each participant before testing and after a complete explanation of the specifics of the study. The study was approved by the UCSF and the Mayo Medical Center committees on human research. Data analysis. Statistical analyses were performed using PASW 17.0 for Windows (SPSS Inc., Chicago, IL). The NIH EXAM-INER variables were analyzed for violations of normality and homogeneity of variance. Because of negative skew, the Antisaccade Test and the Behavioral Rating Scale were log transformed. The NIH EXAMINER variables were transformed into z scores relative to NC performance. Mean z scores for the groups on each task, therefore, reflect the degree of impairment compared with controls. Analyses of covariance were performed to determine group differences in the z-transformed EXAMINER scores. MMSE scores were used as a covariate to control for dementia severity. Pairwise comparisons with Bonferroni correction by analysis were used to evaluate differences among adjusted means; p values ,0.017 for these comparisons were considered significant. A discriminant function analysis was performed to determine how well patients with AD could be distinguished from patients with bvFTD based on their EXAMINER test scores. The variables that differentiated AD from bvFTD were included as predictors. Before analysis, univariate outliers were tested for using standard scores, multivariate outliers were tested for using Mahalanobis distance (a 5 0.001), and homogeneity of the variancecovariance matrices was tested for using Box's M (a 5 0.05). A jackknifed classification procedure was performed to predict each patient's diagnostic group using the functions derived from all cases other than that case, and with prior probabilities computed from sample sizes.
RESULTS
The raw mean scores and SDs of test performance by group are presented in the table. The estimated marginal means and standard errors after MMSE adjustment and z-score transformation are depicted in the figure, with low scores representing poor performance on all measures.
The bvFTD and AD patients did not differ in their performance on the Flanker Test, the Dot Counting Test, the Spatial 1-Back Test, the Category Fluency Test, or the Set-Shifting Test. Compared with NCs, both bvFTD and AD groups showed impairment on the Dot Counting Test and the Category Fluency Test, the patients with AD were impaired on the Flanker Test, and the patients with bvFTD were impaired on the Spatial 1-Back Test. On the Set-Shifting Test, the patient and NC groups did not differ.
The patients with bvFTD were more impaired than the patients with AD and the NCs on the Antisaccade Test, the Letter Fluency Test, the Social Norms Questionnaire, and the Behavioral Rating Scale. On these tests, the AD group differed from NCs only on the Letter Fluency Test.
On the Behavioral Rating Scale, the bvFTD patients were scored as having more severe behaviors than the AD patients and the NCs. The patients with AD tended to exhibit more severe behaviors than the NCs, but this difference did not exceed Bonferroni correction. All 9 behaviors were rated as present in 25% or more of the patients with bvFTD (appendix e-1). In contrast, only 2 behaviors, perseveration and distractibility, were rated as present in 25% or more of patients with AD.
To determine whether the patients with AD would exhibit fewer impairments relative to an older NC group that was more closely matched on age, we reran the analyses of covariance with a subset of 21 closely age-matched controls. The same measures were significant and no additional measures reached significance.
Discriminant function analysis was performed to predict bvFTD vs AD diagnosis including the measures with significant patient group differences, that is, the Antisaccade Test, the Letter Fluency Test, the Social Norms Questionnaire, and the Behavioral Rating Scale. Two bvFTD cases and 2 AD cases were excluded from the analysis because of missing data. One univariate outlier was detected on the Antisaccade Test and was winsorized to one point more extreme than the next most extreme score. No multivariate outliers were detected and Box's M was not significant. The discriminant function was significant (x 2 5 11.29, df 5 4, p 5 0.02). The standardized canonical discriminant function coefficients were as follows: Letter Fluency 0.58, Behavioral Rating Scale 0.32, Social Norms Questionnaire 0.28, and Antisaccade 0.18. With the use of a jackknifed cross-validation procedure, 73% of the cases were correctly classified, including 79% of the patients with AD and 65% of the patients with bvFTD. A logistic regression analysis yielded similar results (75% of cases correctly classified). Four of the 10 items on the Behavioral Rating Scale correspond to diagnostic criteria for bvFTD: socially inappropriate, lack of social/emotional engagement, motor stereotypies, and perseverative, 17 so it is not surprising that patients with bvFTD were rated as having more severe behaviors on this scale than those with AD or NCs. We repeated the discriminant function analysis with this measure removed to determine whether the other measures provided useful classification information. The discriminant function was significant (x 2 5 9.11, df 5 3, p 5 0.03), and correctly classified 65% of the cases, including 71% of the patients with AD and 59% of the patients with bvFTD. DISCUSSION The purpose of this study was to investigate the pattern of executive function deficits in bvFTD vs AD with a comprehensive and conceptually based battery of executive function tests. The patients with bvFTD exhibited a pervasive pattern of executive dysfunction that included impairments in spatial and verbal working memory, letter and category fluency, antisaccade accuracy, social decision-making, and social behavior. The patients with AD exhibited a more circumscribed pattern of executive function impairments involving verbal working memory, letter fluency, category fluency, and controlled attention (Flanker). A comparison of the 2 patient groups revealed that antisaccade accuracy, letter fluency, social decisionmaking, and social behavior were significantly more impaired in bvFTD than in AD. Using a jackknifed cross-classification procedure, 73% of patients were classified correctly using these variables.
The widespread executive deficits observed in the bvFTD patient sample support the item in the new International Consensus Diagnostic Criteria for bvFTD that emphasizes executive function impairments. 17 Integrity of the lateral prefrontal cortex is important for the cognitive aspects of executive functions, including verbal fluency, 19 antisaccade accuracy, 20,21 working memory, 22, 23 and controlled attention. 24, 25 Although integrity of both the lateral and ventromedial prefrontal cortex is important for social decision-making and behavior, the ventromedial aspects are most critical. [26] [27] [28] Patients with bvFTD usually exhibit impairments in social behavior before cognitive aspects of executive functions, which probably reflects the spread of the disease from the ventromedial to dorsolateral prefrontal cortex. 12 The presence of executive dysfunction without behavioral disturbances is not even sufficient for a possible bvFTD diagnosis. 17 When we removed the Behavioral Rating Scale from the cross-validation, the classification based on antisaccade accuracy, letter fluency, and social decision-making was still significant. Its accuracy decreased from 73% to 65%, however, which highlights the importance of behavioral observations in addition to cognitive test performance when distinguishing these patients.
In contrast to the pervasive executive function deficits observed in the bvFTD patient sample, the patients with AD showed more circumscribed impairments on tests of verbal fluency, verbal working memory, and controlled attention. These tests are not frontally specific but rather require cognitive functions that depend heavily on parietal and temporal cortex, 19, 23, 29 regions significantly affected in AD. 15 For example, the AD and the bvFTD patients were similarly impaired on category fluency, but the AD patients were less impaired than the bvFTD patients on letter fluency. This relative pattern of letter-based and category-based verbal fluency replicates prior studies and is consistent with the idea that category fluency requires greater access to semantic stores and places more demands on temporal lobe function, whereas letter fluency places relatively more demands on frontal function. 10, [29] [30] [31] Similarly, verbal working memory tests such as the Dot Counting Test rely not only on frontally mediated updating processes, but also on a phonologic short-term store that is mediated by the inferior parietal and superior temporal cortices. 23, 32 Parietal-frontal networks underlie attentional control and are important for good performance on the Flanker paradigm. 25 Although we expected both groups to be impaired on the Set-Shifting Test, neither was impaired after the MMSE adjustment. This lack of group differences may be attributable to the diffuse neuroanatomical substrates of set-shifting and to the performance variability in the patients. 24 The patients with AD exhibited a trend for higher ratings on the Behavioral Rating Scale, specifically perseveration and distractibility, but no elevations on the other 7 items. In fact, none of the AD patients in our sample were rated to lack social engagement or to exhibit inappropriate social behavior, consistent with the preservation of social and emotional sensitivity typical of this disease. 11 The MMSE was the best available measure of global cognitive functioning and it was included as a covariate in the group difference analyses. This task samples orientation, memory, visuospatial skills, and language skills and has been shown to decline with neurodegenerative disease progression. Because good MMSE performance relies more heavily on memory and language than executive functions, patients with bvFTD may be more functionally impaired relative to patients with AD at a given MMSE level. Using the MMSE as a covariate, however, allowed us to control for global cognition without removing the executive function variance of interest.
Although the diagnostic groups significantly differed in age, age was not included as a covariate in the analyses. Controlling for age would have removed disease-related, rather than age-related, variance. The bvFTD patients were the youngest group, and despite their young age, they exhibited more pervasive executive impairments than the AD patients. As such, their executive impairments cannot be attributed to age differences. The AD patients were the oldest group, which meant we might have overestimated the extent of their executive function impairments due to AD, but comparing them to a closely matched NC sample did not change the results.
In this study, we comprehensively evaluated executive functions in patients diagnosed with AD or bvFTD using the NIH EXAMINER, a new battery of tests developed by the National Institute of Neurological Disorders and Stroke. This conceptually driven test battery is designed to comprehensively and efficiently evaluate executive functions with an emphasis on controlled attention, working memory, fluency, and social behavior. Patients diagnosed with bvFTD showed pervasive executive dysfunction on this battery, and their deficits exceeded those of patients diagnosed with AD on measures of antisaccade accuracy, letter fluency, social decision-making, and social behavior. These 4 measures were able to accurately classify 73% of patients, suggesting that careful selection of executive function tests can assist in differential diagnosis. In particular, frontally specific executive function measures may be most useful in this regard. Although the patients diagnosed with AD did evidence executive function impairments, these impairments were more circumscribed and involved tests that emphasize nonfrontal as well as frontal functions, including verbal fluency, verbal working memory, and controlled attention.
